12 United States Patent
Skufca

US008720165B2

US 8,720,165 B2
May 13, 2014

(10) Patent No.:
45) Date of Patent:

(54) METHOD FOR REDUCING LEACHABLES
AND EXTRACTABLES IN SYRINGES
(75)

Inventor: Peter Skufca, Radolizell (DE)

(73)

(%)

Assignee: Hexal AG, Holzkirchen (DE)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 426 days.

Notice:

(21) 12/993,585

(22)

Appl. No.:

PCT Filed: May 20, 2009

(86) PCT No.:

§ 371 (c)(1),
(2), (4) Date:

PCT/EP2009/056176

Feb. 15, 2011

PCT Pub. No.: W02009/141397
PCT Pub. Date: Nov. 26, 2009

(87)

(65) Prior Publication Data

US 2011/0190711 Al Aug. 4, 2011

(30) Foreign Application Priority Data

May 20, 2008  (EP) 08156573

Int. CI.
B65B 55/00

U.S. CL
USPC

(1)

(52)

(2006.01)

53/428; 53/287; 53/4778; 604/240

(38) Field of Classification Search

USPC 53/420, 425, 428, 287, 471, 604/240
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

4,240,423 A 12/1980 Akhavi
6,250,052 B1* 6/2001 Porfano etal. .................. 53/471
8,234,769 B2* &/2012 Leidig ...ovvvevivviininninn, 29/456
2002/0069616 Al* 6/2002 Odelletal. ..................... 53/425
2002/0138042 Al 9/2002 Llorach et al.
2005/0075611 Al 4/2005 Hetzler et al.
2011/0077602 Al* 3/2011 Yokotaetal. ............... 604/239

FOREIGN PATENT DOCUMENTS

EP 0709105 5/1996
EP 1892005 2/2008
GB 1215435 12/1970

* cited by examiner

Primary Examiner — Hemant M Desai

(74) Attorney, Agent, or Firm — Lewis Kohn & Fitzwilliam
LLP; David M. Kohn; Kari Moyer-Henry

(57) ABSTRACT

The present mvention relates to a method of producing
syringes. Said method comprises fixing a needle to a syringe
body by use of an adhesive followed by subjecting the
syringes thus obtained to heat treatment. The mnvention fur-
ther relates to a method of reducing leachables and/or extract-
ables 1n prefilled syringes, said method comprising heat treat-
ing pre-fabricated syringes at a temperature of at least 40° C.
betore filling.

9 Claims, 4 Drawing Sheets
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Fig. 4
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METHOD FOR REDUCING LEACHABLES
AND EXTRACTABLES IN SYRINGES

CROSS REFERENCES

This application 1s a United States National Stage Appli-
cation claiming priority under 35 U.S.C. 371 from Interna-
tional Patent Application No. PCT/EP2009/056176 filed May
19, 2009, which claims the benefit of priority from Furopean
Patent Application Serial No. 08156573.1 filed May 20,
2008, the entire contents of which are herein incorporated by
reference.

DESCRIPTION

The present invention relates to a method of reducing
leachables and/or extractables in syringes, especially pre-
filled syringes, by heat treatment.

Leachables and extractables 1n container and container
closure systems are a common problem when using drugs and
biologics for analytical and medical purposes. Leachables
and extractables are substances that are released from the
surface of a container material and migrate to the products
contained. As far as mnjectable dosage forms are concerned,
for example, care must be taken to avoid leaching and extract-
ing ol undesired substances from vial or syringe materials
into the drug vehicle, as leachables and extractables increase
drug product contamination and may interact with the active
ingredient causing iactivity or toxicity.

Syringes used for injecting drugs, such as pre-filled
syringes for single use, are known in various forms. These
syringes include a cylindrical syringe body made of glass or
plastic with an injection needle attached thereto. Conven-
tional processes for the manufacture of pre-filled syringes for
single use provide syringe bodies with a first open end for a
syringe piston and a second open end for securing an injection
needle. After arranging the needle 1n the needle channel, the
needle 1s fixed to the syringe body, typically by use of radia-
tion-curable adhesives, for example photo-curing adhesives.
Following curing, for example by UV-irradiation, the
syringes are flushed several times for 1 to 3 see with hot water
at about 70° C. for cleaning. This 1s usually followed by
siliconization and sterilization, for example ethylene oxide
(ETO) sterilization. In a final step, the syringes are filled with
the desired injectable product. The syringes thus obtained,
however, have the disadvantage that leachables/extractables
from the adhesive may migrate to the liquid vehicle. In
syringes pre-filled with, for example, drug vehicles such as
bufters, leachables/extractables derived from the adhesive
can be observed 1n particular upon storage over long periods
of time and at elevated temperatures.

In order to avoid contact of the syringe contents with the
adhesive, EP-A-1 364 670 discloses a pre-filled syringe
wherein the injection needle 1s clamped 1nto the needle chan-
nel 1n the syringe body.

EP-A-1 818 069 discloses a method for producing pre-
fillable syringes including a siliconization step. The syringes
are subjected to heat treatment at a temperature of from 120°
C. to 3350° C. to fix the silicone applied on the syringe. The
adhesives typically used for attachment of the injection
needles to the syringe, however, cannot withstand high tem-
peratures. In order to overcome this disadvantage, DE-A-2
939 180 discloses a combined ampoule injection syringe
which comprises a needle-carrying connection piece which 1s
assembled with the syringe body following silicomization. As
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the needle, however, 1s fixed with an adhesive, this still
involves the risk of leachables and extractables migrating to
the syringe contents.

The object of the present invention, therefore, was to pro-
vide syringes, 1 particular for medical use, with a reduced
content of leachables/extractables.

This object has been achieved by the methods of producing,
syringes, said method comprising fixing a needle to a syringe
body by use of an adhesive followed by subjecting the
syringes thus obtained to heat treatment, reducing leachable
and/or extractables 1n prefilled syringes, said method com-
prising heat treating prefabricated syringes at a temperature
of at least 40° C. before filling and obtaining pre-filled
syringes according to said methods. Specific embodiments of
the methods of the invention are indicated 1n the dependent
claims.

Thus, the present invention relates to a method of produc-
ing syringes, said method comprising fixing a needle to a
syringe body by use of an adhesive followed by subjecting the
syringe thus obtained to heat treatment.

It has surprisingly been found that leachables/extractables
in pre-filled syringes can considerably be reduced within a
short period of time 1f attachment of the needle with an
adhesive 1s followed by heat treatment prior to further pro-
cessing steps such as siliconization and sterilization.

The term “pre-filled syringe™ as used herein 1s meant to
include filled syringes or syringes ready for filling.

The terms “leachables™ and “extractables™ as used herein
have the meaning common in the art. In particular, the term
“leachables” means compounds that migrate, under intended
storage conditions, from the contact surface of the syringe
materials, 1 particular from the glass of the syringe body
and/or from the adhesives used for needle attachment, to the
syringe body, to the syringe contents, for example drug
vehicles. The term “extractables” means compounds that can
be extracted from the contact surface of the syringe materials
under more aggressive conditions such as elevated tempera-
ture or extended contact time. Leachables/extractables
released from the glass of the syringe bodies may be borates,
and leachables/extractables released from adhesives may be
components from the adhesives including, without being lim-
ited thereto, residual solvents, monomeric and polymeric
components, additives such accelerators, and impurities.
Leachables and extractables 1in adhesives may result from
incomplete drying, from incomplete curing or from unreacted
adhesive components present 1n excessive amounts.

In the course of the manufacturing method of the invention,
an 1njection needle 1s fixed to the syringe body, usually a
syringe body made of glass, by use of an adhesive. Adhesives
used for attachment of 1njection needles to syringes are well
known 1n the art. Suitable adhesives are fast-curing, 1n par-
ticular radiation curing adhesives, typically light- or photo-
curing adhesives, such as acrylate-based adhesives, which
can be cured by visible light or UV-light. Photo-curing adhe-
stves are commercially available, for example under the trade
name Loctite®, such as Loctite® 3345 (Henkel AG, Ger-
many ). Curing 1s carried out as indicated by the suppliers and
usually 1s effected within a few seconds to some minutes.

Following needle attachment, the syringes thus obtained
are subjected to heat treatment, 1.e., they are heat treated
betore they are subjected to further processing steps such as
siliconization, sterilization, packaging and/or filling. Heat
treatment 1s carried out under conditions of temperature and
pressure suitable to enhance release of leachables/extract-
ables from the syringe, 1n particular of volatile substances.
The heat treatment of the invention not only enhances release
of substances contained in the glass material of the syringes
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and 1n the adhesives, but also enhances completion of poly-
merization of the adhesive. This accelerates formation and
removal of potential leachables/extractables which otherwise
would form only after filling the syringes and then cannot be
removed any more. Early removal of these substances, there-
fore, results 1n medical products with increased purity and
safety.

According to one embodiment of this method, heat treat-
ment comprises heating the syringes to a temperature of at
least about 40° C., preterably of at least about 50° C., and
most preferably of at least about 60° C., under ambient pres-
sure. Typically, the upper temperature for the heat treatment 1s
limited by the thermal resistance of the syringe materials, 1n
particular by the adhesive materials, and usually does not
exceed about 140° C. Most preferably, heat treatment 1s car-
ried out at a temperature of from about 60 to 120° C. or less.
Heat treatment 1s carried out for a period of time suitable to
enhance the release of leachables/extractables at a given tem-
perature. Usually, if heat treatment 1s carried out at high
temperatures, the time for heat treatment may be reduced.
Typically, heat treatment 1s carried out for at least about 5 min,
preferably for at least about 30 min, and most preferably for
about 60 to 120 min.

According to a preferred embodiment of this method, heat
treatment 1s carried out under reduced pressure. In this
embodiment, syringes are typically pre-heated to the desired
temperature at ambient pressure before applying reduced
pressure. Heat treatment under reduced pressure results in
accelerated release and removal of leachables and extract-
ables from the syringe. Typically, the pressure 1s reduced to a
pressure ol about 400 mbar or less, preferably of about 40
mbar or less. For best results, heat treatment under reduced
pressure 1s carried out for a time suificient to effectively
remove leachables and extractables released from the syringe
at a given pressure, for example leachables and extractables
released from the glass and/or from the adhesive surface.
Typically, reduced pressure 1s applied for at least about 10
min following pre-heating the syringes to the desired tem-
perature, but usually 1s applied for most of the heating.
Advantageously, heat treatment under reduced pressure 1s
carried out 1n a vacuum chamber.

Following heat treatment as described above, syringes may
optionally be subjected to washing with water at elevated
temperatures, for example hot water at a temperature of about
70° C. or more, followed by drying with hot dry air.

According to an alternative embodiment of this method of
the invention, heat treatment of the syringes following needle

attachment 1s carried out by washing the syringes with water
at a temperature of at least about 80° C., preferably of at least
about 90° C., most preferably of from about 95 to 100° C.,
preferably with steam. Preferably, washing comprises several
washing steps, advantageously washings with water at vari-
ous pH values (acidic, preferably down to a pH of about 2,
alkaline, preferably up to a pH of about 10, or neutral) to
remove leachables/extractables which are soluble 1n acidic,
neutral and alkaline water. Typically, the last washing 1s car-
ried out with neutral water, usually Water for Injection (WFI).
Typically, syringes are washed with water or steam 1n the
order acidic/neutral/alkaline/neutral. If desired, washings
may be carried out by flushing the syringes with steam, for
example 1 to 6 times tlushing with steam for 1 to 10 seconds.
Optionally, washing of the syringes with water can be pre-
ceded by a step of autoclaving the syringes under standard
conditions. Washing 1s usually followed by drying with hot
dry air.
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The above conditions for washing can also be applied after
syringes have been subjected to heat treatment at ambient or
reduced pressure as described above.

Following heat treatment as described above, the syringes
thus obtained can be further processed according to conven-
tional methods well known 1n the art. This includes, for
example, siliconization (see, e.g., EP-A-1 818 069), steriliza-
tion, for example ethylene oxide (ETO) sterilization 1n accor-
dance with general standards (e.g., ISO 11135 and DIN EN
1422), providing syringes with further parts such as needle
guards, packaging and filling.

The present mnvention also relates to a method of reducing,
leachables and/or extractables 1n prefilled syringes, wherein
pre-fabricated syringes are heat treated at a temperature of at
least about 40° C. prior to filling.

The term “pre-fabricated syringe” as used herein means
syringes ready for filling, e.g., sterilized syringes.

Pre-fabricated syringes to be heat treated according to the
invention may be packaged or may not be packaged. Advan-
tageously, heat treatment of pre-fabricated syringes 1s carried
out on packaged syringes to keep the syringes under sterile
conditions. Heat treatment of pre-fabricated syringes may be
carried out under ambient pressure or under reduced pressure
at a temperature of at least about 40° C., preferably of at least
about 50° C. When heat treating packaged syringes, the upper
temperature limit 1s given by the thermal resistance of the
package material and usually does not exceed about 100° C.
Most preferably, heat treatment 1s carried out at a temperature
of from about 50 to 80° C., for example at about 60 to 70° C.
As above, heat treatment 1s carried out for a predetermined
period ol time suificient to enhance the release of leachables/
extractables at the given temperature. Usually, 1f heat treat-
ment 1s carried out at high temperatures, heat treatment may
be reduced. Heat treatment 1s usually carried out for at least 2
days, preferably for about 1 week, more preferably for about
1 to 3 weeks, and most preferably for about two weeks.

The present invention will be further 1llustrated with refer-
ence to the Examples and Figures below without being lim-
ited thereto.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 schematically shows a conventional manufacturing,
process for syringes (FIG. 1a) and manufacturing processes
involving heat treatment according to the imnvention (FIGS. 15
and c¢).

FIG. 2 shows a leachable/extractable profile of a commer-
cially available, unpackaged syringe after 6 months of storage
at 25° C. without prior heat treatment.

FIG. 3 shows a leachable/extractable profile of a commer-
cially available, unpackaged syringe after 6 months of storage
at 25° C. after heat treatment for 1 week at 80° C.

FIG. 4 shows a chromatograph of a commercially available
adhesive used for fixing injection needles.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically shows a comparison between con-
ventional methods of the prior art and specific embodiments
of the methods of the invention. As will be seen from FIG. 1a,
according to conventional methods, there are provided
syringe bodies, usually made of glass, which have an opening
for a piston at one end and an opeming for recerving the
injection needle at the opposite end. Injection needles are then
attached by fixing the needle 1n the needle channel of the
syringe body using an adhesive, such as a radiation-curing
adhesive, for example an acrylate-based adhesive such as
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Loctite® 3345 (Henkel AG, Germany). Following curing of
the adhesive, for example, by 1rradiation with UV-light, the

syringes thus obtained are subjected to washing with hot
water (usually 3 washings at about 70° C., 3x10 sec) followed
by drying with hot sterilized air. The dry syringes are then
subjected to siliconization with silicone oil, for example by
spraying, and sterilized using, e.g., ethylene oxide (ETO)
sterilization 1n accordance with known methods. The
obtained syringes are packaged or filled with the desired
product including closure of the syringes with a piston.

According to an embodiment of the method of the present
invention shown in FI1G. 15, injection needles are attached to
syringe bodies as described above. The syringes thus
obtained are then subjected to heat treatment under reduced
pressure. Heat treatment under reduced pressure 1s followed
by washing with hot water and drying with hot dry air. The dry
syringes are then subjected to siliconization and sterilization
in accordance with conventional methods art and filled with
the desired product.

According to a further method of the present mvention
shown 1n FIG. 1¢, conventionally pre-fabricated syringes are
packaged and heat treated by heating the packaged syringes
to a temperature of from about 50 to 80° C., which tempera-
ture 1s preferably maintained for at least one week. The heat
treated syringes can be subjected to further storage before
filling, or they can immediately be filled with the desired
product.

EXAMPLE

Commercially available sterile syringes including injec-
tion needles fixed by an adhesive were unpacked. A first
group consisting of 5 syringes was heated to a temperature of
80° C. and left at this temperature for one week. Subse-
quently, the syringes were filled with a phosphate butler, pH
7.0, usually used 1n pharmaceutical industry and stored for 6
months at 25° C. A second group of 5 syringes, the control
group, was left untreated but filled and stored in the same
manner as the first group. A minute amount of the adhesive
used for attachment of the injection needles to the syringes
was dissolved 1n the same phosphate butier for comparison.

Following storage, the leachable/extractable content of the
phosphate buffer of the two groups of syringes was tested by
C18 RP-HPLC on an Agilent Series 1100 HPLC System
using an acetonitrile gradient from 0 to 100% optimized for
separation and detection of water soluble substances. The
phosphate butier with the dissolved adhesive was subjected to
HPLC the same way as a further control. The results are
shown 1n FIGS. 2 to 4 and 1n Table 1 below. FIG. 2 shows the
chromatograph, the leachable/extractable profile, of the con-
trol without heat treatment, and FIG. 3 shows the leachable/
extractable profile of the syringes after heat treatment. FI1G. 4
shoes the chromatograph of the adhesive used for attachment
ol the injection needles to the syringes. Peaks are numbered in
the order of appearance.

As may be seen from a comparison of FIGS. 2 and 4, peaks
P2 to P6 which appear 1n the control group after 6 months of
storage at 25° C. (FIG. 2) correspond to water soluble com-
ponents present in the adhesive prior to polymerization (FIG.
4). Peaks P1 and P7 seen 1n F1G. 2 are products resulting from
polymerization and, therefore, are not seen 1n the adhesive. In
contrast, as may be seen from FIG. 3, the amount of leach-
ables/extractables released into the phosphate bufler after
heat treatment 1s much lower. While peaks P4b and

P5b are additional peaks resulting from heat treatment of
the syringes at 80° C., they represent negligible amounts
compared to the reduction 1n other leachables/extractables.
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The results are summarized in Table 1 below.

TABL

L1

1

Leachable/extractable

Peak peak area [mAU - s] Improvement
number No Heat Treatment Heat treatment |9%]

P1* 20.5 n.a. 100

P2 235.0 n.a. 100

P3 134.5 n.a. 100

P4 55.1 n.a. 100

P4b n.a. 16.4 Additional peak
P5 19.2 n.a. 100

P5b n.a. 15.2 Additional peak
P6 24.9 n.a. 100

P7* 49.6 n.a. 100

*by products from polymerization;
n.a.: not analyzed (<10 mAU ' s)

mAU: millh absorbance units

The above results demonstrate that untreated syringes may
release undesired amounts of leachables/extractables into 1ig-
uid carriers contained 1n pre-filled syringes. The methods of
the mvention result in reduced leachable/extractable profiles
of the medical products contained in the syringes and, con-
sequently, in a higher safety and activity of these products due
to a reduced toxicology and reduced interaction of leachables
and extractables with the active ingredients. In addition, the
method of the present invention allows a better reproducibil-
ity of the polymerization degree of the adhesive used for
attaching the needles. The lower content of leachables/ex-
tractables 1n the syringes obtained according to the mnvention
also results 1n a reduced risk when developing new products,
in an accelerated development of new products, 1n less ana-
lytical efforts before filling and in enhanced proceedings
betore the health authorities.

The mvention claimed 1s:

1. A method of reducing leachables and extractables in
syringes, wherein production of syringes comprises {ixing a
needle to a syringe body by use of a photo-curing adhesive
followed by subjecting the syringes to heat treatment,
wherein the syringe 1s heated to a temperature of at least 40°
C. to reduce the content of leachables and extractables 1n the
SYringes.

2. The method of claim 1, wherein said heat treatment
comprises heating the syringes to a temperature of at least 60°
C.

3. The method of claim 2, wherein said heat treatment 1s
followed by washing said heat-treated syringes with water at
clevated temperatures, preferably at a temperature of at least
80° C., preferably at least 90° C., and most preferably of at
least 95° C.

4. The method of claim 1, wherein said heat treatment 1s
carried out under a reduced pressure of 400 mbar or less.

5. The method of claim 4, wherein the pressure 1s reduced
to a pressure ol 40 mbar or less.

6. The method of claim 1, wherein said heat treatment
comprises washing said syringes with water at a temperature
of at least 80° C., preferably at least 90° C., and most prefer-
ably at least 95° C.

7. The method of claim 6, wherein washing comprises
washing with water at an acidic and/or alkaline pH wherein
the water pH ranges from 2 to 10.

8. The method of claim 6, wherein said washing 1s pre-
ceded by a step of autoclaving said syringes.
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9. The method of claim 1, wherein the heat treatment 1s
followed by subjecting the heat-treated syringes to further
processing steps including one or more of siliconization,
sterilization and packaging.

% x *H % o
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